I N A PREVIOUS
communication it was shown that aureomycin given orally prior to inducing hemorrhagic shock enables the dog to respond favorably to a degree and duration of severe hypotension which the dog without aureomycin cannot tolerate (I). In this communication we present further data demonstrating the same effect by a variety of antibiotics given orally or parenterally. Additional data deal with an effort to identify the bacteria assumed to be responsible for the failure of transfusion in dogs which have not been treated with antibiotics. (TABLE  I) The technic of the shock experiment has been described in a preceding publication (2) . As a rule the experiment was performed simultaneously on a group of five or more dogs, all of whom received the same antibiotic therapy. At the same time at least one additional dog was treated in precisely the same fashion except that the antibiotic was omitted.
In experiments performed some years previously penicillin or aureomycin administered parenterally during shock yielded a recovery rate of 40% as compared to 20 % when no antibiotic was administered. In the recent preliminary experiments with oral therapy for several days before inducing shock (I), the more decisive therapeutic results were obtained only if the drug was also administered on the day of the experiment several hours before bleeding. This experience suggested that the timing of therapy was of telling significance. Accordingly, the effect of antibiotic therapy was evaluated thereafter in terms of timing as well as route of therapy.
Route and Time of Therapy. Oral therapy prior to inducing shock. Antibiotics were administered by the oral route in three ways: a) for several days prior to the day of the experiment ('oral pretreatment'group II, table I); b) as in a, but with an additional dose, designated as the 'priming' dose, on the day of the experiment, about 3 hours before inducing shock ('oral pretreatment plus priming'-group III, table I); and c) in which only the priming dose was given ('priming only'-group IVa & b, table I). Neomycin and aureomycin were given for 4-6 days. Streptomycin, penicillin, bacitracin and polymyxin, which are considered to act relatively slowly, were given for 6 days. Prior to the day of the experiment all the drugs except penicillin were fed by hand (in capsules buried in meat), but the priming dose was given by gavage, with the drug dissolved or suspended in ISO ml of saline solution. Penicillin was administered via a catheter inserted into the intestine some days previously through an abdominal incision.
Pare&era1 therapy. The relative importance of the intraintestinal flora and those in the tissues was investigated by comparing the results of oral vs. parenteral administration of the antibiotics. In experiments c--i of group IV, table I, the entire therapy consisted of a dose given intravenously within I hour in ISO ml of saline, beginning 3 hours before shock was induced. Because the results of these experiments were superior to those obtained by intravenous therapy during shock, further experiments were done to determine whether the superiority of pretreatment might be related to better distribution of the drug than is likely when the capillary circulation becomes more or less isolated from the active current of flow 524 S. JACOB ET AL. Volume 179 The fraction of neomycin which is absorbed is very small. Insofar as any of the more absorbable antibiotics were absorbed in excess, this excess did not produce any identifiable toxic effects. On the contrary, except for chloramphenicol, these were the drugs which produced the greatest amount of protection. Because most of these drugs may be toxic when given intravenously,2 the total intravenous dose never exceeded 500 mg, which is not greatly in excess of the dose given to children in the same weight range (44-66 lb.) .
Since all dogs were subjected to the same degree of hypotension, and the bleeding volumes proved to be nearly the same in all groups of experiments, the hemodynamic burden imposed did not vary significantly.
Results. The data listed in restoration of normal blood volume by transfusion of the shed blood, the 36-hour survival rate, and the sustained survival rate.
In the control series the survival rate averaged 20%, with very little variation among the different groups. In order to eliminate the likelihood of chance variation (i.e. P > .oI), we will consider survival rates below 50% too low to signify a good protective effect from the antibiotic.
In these terms aureomycin, neomycin, terramycin and penicillin, given by certain routes and at the appropriate time, proved to be highly effective for the prevention of irreversibility to transfusion. The effect of streptomycin was borderline, and that of the remainder was distinctly weaker or insignificant.
The best results with the effective antibiotics were achieved by oral pretreatment together with oral priming. Oral pretreatment without oral priming was ineffective. Oral priming without oral pretreatment appeared to be adequate with neomycin, but only borderline with aureomycin.
The difference between the results of the oral and parenteral routes is not of sufficient magnitude to demonstrate a decisive advantage for the oral route. Hence the suppression of the intraintestinal bacteria would appear to be excluded from a dominant role in the protection against development of irreversibility to transfusion.
But it is possible that some of the drug given parenterally is excreted into the gut, so that, on the evidence given, an anti- effective antibiotics suggest some, but not a 38 (72) convincing superiority of the portal to the systemic route (cf. expers. c, d, e to expers. g, 38 (65) h and i in group IV, and expers. a, f and h to 57 (60) 36 (60) 39 (67) 32 (63) of irreversibilitv. But the above exDeriments expers. b and g in group V). Therefore we conelude that no decisive advantage is secured by preferential perfusion of the liver with the antibiotic.
Although there are no substantial differences in the .
ts so far as route of administration biotic effect on the intraintestinal flora cannot be wholly excluded.
A more rigid test of the role of the intraintestinal flora would be one which completely eliminates all intraintestinal bacteria. An effort was therefore made in six dogs to achieve sterility of the gut prior to bleeding. These dogs were fed penicillin and neomycin mixed with sterile food for several days via the distal opening in the cervical esophagus, exteriorized and divided several days previously, with closure of the distal end after the last dose was given. Water and electrolyte balance was maintained by intravenous fluids during the next 36 hours, after which hemorrhagic shock was induced. All six dogs behaved exactly like normal dogs, i.e. all died in irreversible hemorrhagic shock within 6 hours, in spite of the fact that cultures of stomach, duodenum, jejunum, ileum and colon taken immediately after death were sterile, except for a few E. coli in the duodenum of one, and a few Clostridia in the small intestine of a second. In three dogs culture of full thickness biopsies from various levels were also sterile, except for Clostridia, which are present in the gut wall as in most other tissues.
Since the virtual, if not complete, elimination of intraintestinal flora did not prevent irreversibility to transfusion, it appears that the primary site of effective action of the antibiotics is upon bacteria within the tissues. If shock facilitates the invasion of intraintestinal is concerned, considerable dinerences are obtained with variations in the timing of therapy. As already stated, we obtained a 40% survival rate when aureomycin or penicillin was administered intravenously only during the shock period. The results were much better (group NC, d, e, g, h, i) when the entire therapeutic dose was administered parenterally 2-3 hours before inducing shock. When the therapy was given in part prior to the induction of shock, and in part during shock, the results were better, with one exception,3 when most of the dose was given 1-3 hours before shock than when given after the shock was induced (cf. expers. a, b and d to expers. g and h in group V). When intravenous therapy was withheld until after the dog had become irreversible to transfusion, there was no benefit whatsoever, and all the dogs died (table 2 ).
These observations demonstrate that maximum benefit is not obtained unless the antibiotic therapy is applied before shock is induced. The relatively poor results of therapy during shock might be due to the inability of the ,defective circulation to distribute the drug in sufficient concentration to the site or sites of bacterial action. But the total failure of antibiotic therapy given after irreversibility to transfusion has set in is better explained as being due to the liberation of a lethal amount of toxin prior to the administration of the drug. Table I demonstrates that therapeutic failure occurred not infrequently in spite of appropriate application of the antibiotics which are usually effective. This may be due to various It is di .fficult to explain the disparity between the know n antibacterial range and the therapeutic effects of the various drugs tested. Thus, although chloramphenicol is inferior to the other broad range antibiotics against in- beneficial effects. To resolve the di .screpancies in the expected behavior of the antibiotics investigated we reculture of E. coK4 The active drug, by this in vitro assay, was from 12,000-25,000 times more potent that the 'inactivated' material. Table  3 shows the comparative results of therapy with these two compounds.
In our experiments of previous years dogs alive 24 hours after transfusion were considered to have recovered from shock. Later deaths were attributed to such complications as bloody diarrhea, dehydration, pulmonary atelectasis, sepsis in operative wounds, pneumonia, etc., for which no treatment was given. When the present antibiotic studies were begun, the more rigid standard of sustained recovery was adopted. Table I shows that some dogs surviving for 36 hours do not survive for long thereafter.
The disparity between the quire more know1 .edge of the bacteriology volved, as well as other fa ctors-in particu .lE, the possibility that a non-antibiotic action may be providing the protective effect against the development of irreversibility to transfussion. To study this problem it would be necessary to eliminate the antibiotic property without destroying the molecular integrity of the drug in question. The only drug which might be subject to this kind of treatment is aureomycin, which is said to lose its antibacterial potency if it is exposed, dissolved in saline solution, to a temperature of 37OC for from 4-8 days. This drug was so treated and then recovered by evaporation, and assayed for potency by comparing the minimum concentration of this material to that of the active drug which was required to kill a a+hour 36-hour and the sustained survival rates was not such as to require shifting a drug, considered effective, to a non-effective classification, except in groups Illd, IVh and Vd. This, however, was not the case with 'inactivated' aureomycin.
The decisive superiority of the active drug is shown in the comparative data on sustained survival rates in table 3.
Nevertheless, the considerable protection afforded up to 36 hours by the 'inactivated' compound represents either some retention of antibiotic potency or a favorable non-antibacterial effect. Data to be published (4) show that dogs, which usually recover if transfused after being in hemorrhagic shock for z hours, die if subjected to an induced bacteremia.
But if an appropriate antibiotic is administered soon after the bacteria are injected, the blood is sterilized and the dogs recover. Both 'inactivated' and active aureomycin were able to eliminate the bacteremia and to prevent death. Hence one need not ascribe a non-antibacterial property to the 'inactivated' drug in order to explain the protective effect of this material.5
5 The concentration of the 'inactivated' aureomycin required to kill the test strain of E. COG does not indicate its potency against other bacteria.
Since it is appropriate to regard the 'inactivated' drug as a weak antibiotiQ the sharp fall in the number of survivors after 36 hours may be explained by the reassertion of bacterial activity as the inhibitory effects of the drug wear off, and before the weakened antibacterial mechanisms have fully recovered (4).
BACTERIOLOGIC STUDIES
Because Clostridia' are present in most tissues of the healthy dog, an attempt was made to establish their role in the development of irreversibility to transfusion in two groups of 20 dogs each, one of which was treated with large doses of Polyvalent Cl. antitoxin8 while the other was immunized with clostridial toxoid.g Antitoxin was administered as follows: The first IO of the 20 dogs given antitoxin received 5 ml intramuscularly for 4 successive daysthe last dose immediately before inducing shock. The second IO received 40 ml intramuscularly 12 hours before inducing shock, 40 ml intravenously immediately before inducing shock, and 20 ml were put into the shed blood in the elevated reservoir (2). The larger dose was not significantly better than the smaller one. Of the 20 dogs, only 15 % survived for 36 hours and IO % recovered completely.
Toxoid was administered as follows: each dog received three doses (I ml/30 lb. of body weight) at 3o-day intervals, the last one 3-4 weeks before the experiment.
Forty per cent survived for 36 hours and 30% recovered completely.
The lack of significant benefit from these substances would appear to exclude the Clostridia as pathogens related to the development of irreversibility to transfusion. But it is possible that neither substance will protect in shock because the amount of antibody or antitoxin may be exhausted by the mounting requirements, or because they may be unable to 6 In 23 dogs 2 m g of the active drug given the same way as 500 mg of the inactivated drug gave the same survival rates. 7 Eighty-eight yO of the clostridial strains isolated from dogs in this laboratory are welchii 8 We are indebted to the Lederle Laboratories for supplying this material, which contains the following units per ml; 660 Cl. welchii, 660 Cl. septicurn; reach all sites of clostridial activity in sufficient concentration because of poor peripheral flow. The therapeutic effectiveness of antitoxin is in doubt, for it has been shown to be inferior to penicillin for the treatment of induced clostridial infection (5). The role of the Clostridia, therefore, remains doubtful, the more so because neomycin, which does not act upon Clostridia (6-g), is a highly effective drug. Additional studies were, therefore, undertaken in an effort to identify other bacterial species that might be incriminated. Cultural data were obtained from blood, lymph, bile and from the tissues during shock and at death. Culture of 15 liver biopsies taken at the same time were all positive for Clostridia.
No aerobic bacteria were found in these liver biopsies.
No bacteria were recovered from thoracic duct lymph collected continuously throughout the shock period.
Post-Mortem Cultures (Table  5) . In a large series of dogs cultures were taken as soon as possible after death from shock or, in the Normal dogs were also killed and studied in this way. Table 5 shows that aerobes are present in normal dogs, but that their incidence is substantially higher in dogs dead from shock or killed after recovery from shock. In dogs which had not received antibiotic therapy the incidence of aerobes was greater in those dead from shock than in survivors. In dogs which had received antibiotic therapy the same difference was found.
Clostridia were grown from nearly all livers of normal and shocked dogs, whether treated with antibiotic or not. But they were found more often in cultures of the peritoneum of shocked dogs than of normal dogs. There was a greater incidence of Clostridia in portal and caval blood of dogs dead of shock than in these bloods from survivors of shock. Clostridia were not found in the caval blood of normal dogs.
DISCUSSION
The virtual absence of aerobes in the blood during life contrasts with their frequent presence in the blood at death. This suggests that aerobes invade the circulation during life, but are cleared almost as rapidly as they invade; and that those which are cultured from the blood at death have entered the circulation just before flow ceased. That this invasion is from the intestine is suggested by the higher incidence of bacteria in the portal blood than in the caval blood. The view that the aerobes found at death invade the circulation from the intestine after death appears unlikely, since they could hardly reach the liver, much less the caval blood, during the few minutes between the time of death and the taking of cultures. Transmural migration into the peritoneum after death is also unlikely, for a closed loop of excised intestine suspended in water does not contaminate the water after standing for several hours. The view that intraintestinal bacteria invade exclusively in the agonal state fails to take account of abundant evidence that invasion during life is a continuous process in the normal animal (9-13).
The generally higher incidence of both aerobes and anaerobes in dogs dead from shock than in normal dogs may be related to the damage to antibacterial S. JACOB ET A4L. 14.dw~e x79 defense mechanisms caused by the shock process.
Our data do not identify the bacteria which are involved in the phenomenon of irreversibility.
The Clostridia may be strongly suspected, but the success of neomycin incriminates some other species. If the absence of aerobes in cultures taken from blood and tissues during life appears to exclude them, their presence immediately after death justifies some caution against such an interpretation. If we interpret their absence in cultures from blood and tissue taken during life as signifying the ability to destroy them more readily than the Clostridia, we might postulate that in their brief span of viability they may act symbiotically with the Clostridia, or that the products of their disintegration facilitate the activity of the Clostridia.
The presence of bacteria, whether during life or immediately after death, does not establish their relevance to the phenomenon of irreversibility.
But evidence is presented elsewhere (4) that a bacterial factor develops in the tissues of the dog during shock which is responsible for the development of irreversibility to transfusion, and that this factor develops because of the collapse of the normal antibacterial defense mechanisms.
This evidence, supplementing the data in this paper on the effect of antibiotics, demonstrates a correlation between bacterial activity and the failure of transfusion therapy in hemorrhagic shock. Since the dog is a species which normally harbors bacteria in its tissues, what relevance do these observations have for species whose tissues are normally sterile? Data to be published (14) show that even a sterile species can be subject to the effects of bacterial action during oligemic shock. Thus the normal tissues of the white rat are sterile. The muscles of the tourniqueted extremity of the rat are also sterile as long as the tourniquet remains applied. But within 2-3 hours after removal of the tourniquet Clostridia begin to appear in these muscles, which are frequently positive for Clostridia 24-48 hours later, whereas the tissues proximal to the site of application of the tourniquet remain sterile. These findings are the same whether or not shock is prevented by appropriate fluid volume therapy.
These observations demonstrate that Clostridia normally invade from the intestine even in a sterile species, but that they do not survive in healthy tissues because of a naturally effective bactericidal defense, which is lost only in the injured tissues. Since the rat in hemorrhagic shock, produced by the same technic as for the dog, may also be protected by antibiotics (14) , it appears that irreversibility to transfusion in the rat may also be due to bacteria. For the rat, like the dog, when exposed to hemorrhagic shock, suffers a loss in the normal capacity to destroy bacteria.
SUMMARY AND CONCLUSIONS
Effective antibiotic therapy prolongs the capacity of the dog to sustain a severe degree of hemorrhagic hypotension, and lowers the mortality rate from 80% or more to 40 % or less. The most effective antibiotics are aureomycin, terramycin, neomycin and penicillin. Substantial protection is not secured unless they are administered a few hours before shock is produced.
If they are not given until after transfusion has failed to restore the circulation, no protection whatever is secured. That the bacteria in the dog's tissues are responsible for the development of irreversibility to transfusion is indicated by the fact that these antibiotics are effective whether given orally or intravenously. The intraintestinal flora may contribute to the injury to the extent that they invade during shock. But they are not necessary participants.
During life the tissues of the dog in shock contain Clostridia and only rarely some other species. The blood only occasionally contains Clostridia, and is virtually sterile. But just after death both the blood and most of the tissues contain Clostridia; and various intestinal aerobes are found in some 25 % of all cultures. There is reason to believe that these aerobes constantly invade the normal as well as the shocked dog, but are rapidly cleared from the blood stream. The aerobes appear to be destroyed with ease, but not the Clostridia.
There is no unequivocal evidence to incriminate any particular bacterial species. Alt,hough the Clostridia are strongly suspected, it is possible that several species acting symbiotically are involved. This may explain the lack of correlation between the therapeutic effectiveness of the various antibiotics tested and their antibacterial range.
